By relating amino acid excretion to creatinine excretion in a specimen of urine from fasting patients, the normal variation of cystine, glutamine, glycine, and alanine excretion in relation to creatinine excretion and the age of the individual has been defined. No amino acid excretion differences between the two sexeswere detectable.
T['HE &SSE5SME1T of pathologic patterns of excretion of several amino acids requires an extensive quantitative knowledge of the normal patterns in human subjects without known metabolic disease.
To date, this knowledge is inadequate both as to total amounts of each amino acid excreted per unit time and as to variation with sex, age, and size. In 1949 Herman et at. (1) measured many of the amino acids in specimens of urine collected over periods of 24 hr. Because of the obvious difficulty in obtaining such accurate collections, other investigators have attempted to relate the excretion rates of amino acids to that of total nitrogen (2) (3) (4) .
Total nitrogen excretion varies greatly, and amino acid excretion but slightly, with daily variation in protein intake (4, 5); exceptions to this are histidine and 1-methyihistidine
(4).
For these reasons the excretion rate of creatinine, which is more closely related to the size of the total metabolizing lean body mass (6) , would appear to be a better reference point for quantitation of the rate of excretion of the several amino acids. This was done in 1957 by Fowler et a!. (4) , who concluded that no significant changes took place after the age of 10. However, more data were needed to define the variation of amino acid excretion with age and sex. In this investigation we have attempted to define more accurately the relationships of rates of excretion of four of the major amino acids per unit of creatinine excreted to age and sex. Enough human subjects were used to determine the distribution of normal values in a series of age groups up to 30 years of age and in both sexes. In general, the excretion levels for these four amino acids were found to be the same in both sexes and to be highest in infancy and to decrease markedly with age.
Experimental Material and Methods

Sub jects
The experimental subjects were 120 healthy males and 40 healthy females, the majority of whom were mentally retarded students of the Elwyn School between infancy and 30 years of age; no clinical or biochemical evidence was present of any of the known inborn errors of metabolism. Sufficient voltage was applied to give an initial current of 0.6 amp. When the current decreased to 0.5 amp, the specimen was pipetted off and recentrifuged. The supernatant solution was used for the creatini#{241}e aild amino acid analyses.
CollectionandPreparation of Specimens
The creatinine content of the desalted specimen was determined photometrically by its color reaction with picric acid in alkaline solution (7, 8) .
Chromatographyof the Amino Acids
A specimen of the desalted fasting urine of a volume to contain 65-130 g. of creatinine wasapplied to Whatman No. 1 chromatography papei (181/4 X 221/2 iii.) for two-dimensional paper chromatography. The air-dried spot was then wet once with 30% hydrogen peroxide, which converts the cystine to cysteic acid and the methionine to methionine sulfoxide.
Whell the spot had dried the amino acids were separated by the method of Levy and Chung At the end of 1#{189} hr., the solutions were filtered into 1.0-cm. cuvettes, and the absorbance of the solution was determined at 515 m in a Beckman DU spectrophotoineter using a reagent blank. The concentration of each amino acid was calculated from the absorbance and from a standard curve for each amino acid. These standard curves were prepared I)y chromatographing known quantities of each amino acid with tile same technics that were used for the urine specimens.
Repeated determinations of known quantities of these four amino acids demonstrated an average error of ± 7.3% for alanine, ± 6.2% for glutamine, ± 10.3% for glycine, and ± 10.2% for cystine.
Results
The results are presented in Table 1 and in Fig. 1-4 . The excretion of all four amino acids relative to that of creatinine fell with increasing age. For each amino acid the greatest decrement occurred between the 3-5-year group and the 6-8-year group (P < 0.01), and there was a slight rise or leveling off between the 9-il-year and the 12-14-year groups.
The widest variations occurred with glyciiie.
Our results for glycine and alanine excretion agree well with the few values obtained by Fowler et a!. (4) . Our values for cystine excretion appear to be slightly higher than theirs, and they-did not determine the level of glutamine excretion in their patients. There appeared to be no difference in the excretion levels of these amino acids between the two sexes.
Discussion
The Our cystine-to-creatinine ratios, shown in Fig. 3 and acids, it is of interest that they observed a decreased excretion of taurine between infancy and the age of 10 years. It is well known that the skeletal musculature grows more rapidly than the body as a whole between the ages of 5 and 10 (10) , and one might speculate that the decreased amino acid excretion levels result from increased utilization for muscle growth. Whatever the explanation for the variation of the excretion rates of glycine, alanine, cystine, and glutamine, relative to creatinine, our data do provide in each instance and for each age group a "normal" population of values with which any single determination in an Unknown patient may be compared. This should be of great diagnostic and research use in the assessment of these paiticular amino acids in "overflow" or renal aminoacidurias (5, 11) .
